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Times and causes of mortality suffered by domestic sheep (Ovis 
aries) were documented from 15 March 1974 through 14 March 1975 
on a western Montana ranch. The 3,393 hectare (8,383 acre) ranch 
was operated without predator control for the first 7 months while 
private control by ranch employees and nonprofessional hunters was 
permitted for the remainder. Total mortality was 514 lambs and 
130 adult ewes; 117 lambs were dead at birth or died shortly after 
birth in the lambing sheds. Field mortality consisted of 66 
(12.5%) natural deaths, 449 (85.2%) predator kills, and 12 (2.3%) 
undetermined deaths. Predators killed 425 (20.8%) of the original 
herd and 355 (29.3%) of the 1974 lamb crop exposed to prédation. 
Coyotes (Canis latrans) killed 436 sheep, dogs (Canis familiaris) 
killed 6, foxes (Vulpes vulpes) killed 3, eagles (Aquila chrysae-
tos) killed 2, and ravens (Corvus corax) killed 2. Pneumonia-
related deaths caused 42.2 percent of the natural field mortality. 
Necropsies were performed on all carcasses possible and 75.3 per­
cent of the sheep killed by predators were healthy; 73.3 percent 
of 15 lambs shot for comparison were healthy. Of 21 sick or limp­
ing sheep followed through the period, 3 (14.3%) were selected by 
predators within 2 weeks after their handicap was noted. Coyotes 
killed 313 (71.8%) of the sheep by neck-throat bites, and most of 
the kills were made during the pre-dawn hours; 40.5 percent of the 
sheep were killed in ditches, stream bottoms, and ravines surround­
ing bedding grounds. Feeding on sheep killed by predators included 
none (9.1%), very light (11.1%), light (27.6%), moderate (38.0%), 
and extensive (14.2%). Lambs selected by predators averaged 
slightly younger than the average flock age. Predators killed a 
significantly higher number of female lambs than males and the more 
distantly pastured twins suffered greater (29.3%) losses than the 
singles (17.7%). Average daily number of lambs killed ranged from 
0.65 in October to 3.19 in May, and the highest daily average of 
losses occurred during changing weather. Daily losses of adult 
ewes ranged from 0.32 in August, when substantial losses began, to 
0.70 in September. During 24 days in which carcasses were left as 
carrion, only two instances of return feeding by carnivores were 
recorded, and leaving carcasses had no discernible effect on numbers 
of new kills. During the private control period, 9 coyotes (5 
female, 4 male) were taken, but the number of new kills was not 
appreciably affected. Measurable secondary losses included 28 
fetuses in uteri of ewes kllied by predators. 
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CHAPTER I 
INTRODUCTION 
From 15 March 1974 through 14 March 1975, I documented causes of 
mortality suffered by domestic sheep (Ovis aries) on a western Montana 
ranch. Under agreement, the Ranch was operated without predator control 
for the first 7 months and with private control for the remainder. 
The loss of domestic sheep to predators is an issue surrounded by 
controversy and clouded by emotion. The issue is by no means a new one. 
"As far back as the 1880-1890's, taking Texas as a typical example, it 
was officially reported that 'the greatest and most discouraging 
obstacle encountered by the sheepmen of Texas is that omnipresent evil, 
the depredations of wild animals'" (Young and Jackson 1951:152). Recent 
reports of sheep losses (Nielson and Curie 1970, Reynolds and Gustad 
1971) relied on information supplied by sheep producers and the results 
were ignored by many opponents of predator control. Sheep die from 
many causes which are not easily determined, especially in large range 
operations involving vast areas of rugged and brushy terrain. 
Efforts to clarify the depredation issue require accuracy in 
separating predator kills from natural deaths. "Separating predator 
losses from among these is often difficult. A lamb that died of birth 
defects or malnutrition and was scavenged by predators, may appear to 
have been a predator kill. Or a weakened animal that would have died 
from other causes might fall prey to a predator" (Wagner 1972). Opinions 
concerning the health of sheep killed by predators can be one of two 
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extremes, depending on the claimant. Some opponents of predator control 
believe predators attack only weak and sick members of the flock. There 
are even claims that predators help the rancher by eliminating the 
"walking carrion" that would die anyway. The other extreme, heard from 
some sheep producers, is the claim that predators can judge the quality 
of a lamb as well as the ranchers can and therefore take only choice 
animals. 
Undetermined causes of death preclude accurate measurement of 
losses to predators. A report of total sheep losses in four western 
states included undetermined deaths ranging as high as 20 percent 
(Reynolds and Gustad 1971). There are two categories of undetermined 
deaths; field deaths where scavengers or decay destroyed evidence, and 
sheep that are lost or die but are never found. The number in these 
categories must be kept to a minimum as a first step in clarifying the 
depredations issue. Carcasses should be examined as soon after death 
as possible, before autolysis, decay, or scavengers destroy evidence. 
Once predator kills were enumerated, an economic analysis to eval­
uate the cost of depredations commonly followed (Early et al. 1974). 
Only primary costs to the producer were compared to the cost of the 
predator control program to assess benefits derived from such control. 
"The proper comparison would seem to be the cost of control weighed 
against the value of sheep that would be lost without that control" 
(Wagner 1972). Losses suffered with predator control are a measure of 
the effectiveness of the control program used. 
Under agreement with the Denver Wildlife Research Center, the 
owner of the Eight Mile Ranch, Mr. Cook, withdrew all requests for 
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predator control, and the Denver Center compensated him for all veri­
fied kills by wild predators. This was important because: 1) studies 
have not been conducted on sheep ranches without predator control, and 
2) levels of losses without control were unknown. After 15 October 
1974, Ranch employees and other nonprofessional hunters and trappers 
were allowed to trap and shoot coyotes with permission. This study 
was one of a series conducted by the Denver Wildlife Research Center 
to ascertain levels of prédation in selected areas of the West. This 
Ranch was chosen for several reasons: 1) Mr. Cook's interest in the 
research and willingness to cooperate; 2) there was little predator 
control in the immediate area to affect results; 3) pastures were 
relatively small and open for searches; and 4) severe losses occurred 
in 1973 despite a verified minimum take of 37 coyotes (Canis latrans) 
from and around the Ranch (Lewis and Pauly pers. comm.). 
Objectives of this study were to document the times and causes 
of mortality in the flock. 
CHAPTER II 
EANCH DESCRIPTION AND MANAGEMENT 
Description 
The Eight Mile Ranch is located 22.5 km (14 mi) south of Missoula 
and 4.8 km (3 mi) east of Florence, Montana. Ranch elevations vary 
between 995 and 1,774 m (3,265-5,280 ft) above sea level and average 
annual rainfall is between 32.3 and 33.8 cm (12.7-13.3 in.. National 
Weather Service). General topography consists of open, rolling hills, 
scattered patches of trees and numerous wooded draws. During the study 
period, Mr. Cook owned 2,454 ha (6,064 acres) and leased 939 ha (2,320 
acres). Eight hundred and nine hectares (2,000 acres) were leased from 
him, 283 ha (700 acres) were dry-land cultivated, and 158 ha (390 
acres) were irrigated. Range pastures varied in size from 34.4 ha 
(85 acres) to 330.2 ha (816 acres) and irrigated pastures from 1.2 ha 
(3 acres) to 23.5 ha (58 acres). The Bitterroot Irrigation District 
main ditch was the major water source but there were also several ponds 
and springs. 
Native range on the Ranch is the pacific bunchgrass type, which 
covers about 24.3 million hectares (60 million acres) in western Montana, 
eastern Washington and Oregon, northern and southwestern Idaho, and 
central California (Ensminger 1955:274). Introduced grasses and proper 
management allowed year-round grazing through moist winters and dry 
summers. Predominant grasses were crested wheatgrass (Agropyron 
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cristatum), intermediate wheatgrass (A. intermedium), bluebunch wheat-
grass (A. spicatum), cheatgrass (Bromus tectorum), hard fescue (Festuca 
ovina, var. duriuscula) and Russian wildrye (Elymus junceus). Two 
major legumes were dry land alfalfa (Medicago sp.) and sainfoin alfalfa 
(Onobrychis viciaefolia)» and his two crops were barley (Hordeum sp.) 
and winter wheat (Triticum sp.). Sagebrush (Artemesia sp.), lupine 
(Lupinus sp.) and spotted knapweed (Centaurea maculosa) were scattered 
throughout many pastures while ponderosa pine (Pinus ponderosa) and 
black Cottonwood (Populus trichocarpa) were dominant tree species. 
The Ranch complex included two houses, machine shop, livestock 
scale, equipment shed, feed shed, six grain silos, a hay barn, shearing 
shed, two lambing sheds, airplane hangar, and my trailer. Within the 
complex were numerous pens, small sheds, and corrals. Fences were of 
various ages and construction. Some had 61 cm (24 in.) of woven wire 
at the bases and one to three strands of barbed wire at the top, some 
were just higher woven wire. Most pasture fences were sheep-proof in 
their entirety. Fence gates were also of different ages and designs, 
and most were lamb-proof. There were aluminum swing gates, wooden panel 
gates tied with wire or twine, and flexible pole-wire gates. 
Management 
Management affects profits, as well as annual losses to predators 
and natural causes. "Disease control measures such as improved manage­
ment practices, closer observation of the animals, better sanitation, 
careful feed formulation and good vaccination programs are urgently 
needed" (Early et al. 1974). J assisted during the 1974 lambing season 
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and think it appropriate to explain Mr. Cook's operation in relation to 
annual losses. 
During late winter, ewes were moved from the range to small fields 
near the Ranch complex and sheared. At that time, ewes were fed corn 
to prevent pregnancy disease and vaccinated against enterotoxemia. 
Immunity to the latter disease, caused by Clostridium perfringens Type D, 
is passed to lambs through the ewe's milk (Scott 1971). The two lambing 
sheds were cleaned out, the ground was treated with lime, and fresh 
straw was scattered for bedding material. 
Just before lambing time, ewes were moved to small corrals 
connected to the sheds and monitored 24 hours a day. This monitoring 
saved some breech births and lambs born during severe cold or dampness. 
After parturition, lambs were picked up, brought inside the shed and 
placed in 1.23 x 1.23 m (4' x 4') pens, "jugs", with their ewes. These 
jugs permitted easy access to ewes for lambs and reduced separation and 
desertion. If temperatures were extremely low or lambs were weak, heat 
lamps were attached to a corner of each jug. Lambs with severe sickness 
or birth defects were placed in a heated room and medication was admin­
istered. When ewes had insufficient milk for twins or triplets, the 
extra lamb(s) were grafted to ewes that had previously lost one or both 
twins. 
If lambs were normal, the attendant gave each lamb 100 mg of 
Terramycin, a general antibiotic, and coated its navel with tincture of 
iodine to prevent infection̂  Each ewe was checked for adequate milk 
and the following were recorded: 1) ewe's identification number; 
2) number of lambs; 3) sex of lamb(s); 4) condition of ewe's udder; and 
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5) comments on lamb(s) health. This information was later transferred 
to cards and enabled review of each ewe's past and present production. 
If lambs did not feed properly, color markers were placed on their jugs 
and they were forced to feed regularly. 
After lambs dried, they were paint-branded with their ewe's number 
in black if a single, and orange if a twin. A plastic tag was placed 
in the left ear of ram lambs and right ear of ewe lambs with a different 
tag color for each year. Elastrator bands were used for castration 
and tail removal (Ensminger 1955:236). 
At 1-2 days of age, lambs were moved with their ewes to small, 
partially covered pens adjoining the sheds where ewes with twins were 
separated, until weaning, from those with singles. As lambing proceeded, 
older lambs were moved from these pens to nearby corrals. When flocks 
were large enough, they were moved to small pastures and younger lambs 
were added until lambing ended. In this step-by-step manner, early 
losses were held to a minimum, and carcasses were easily found. Flocks 
were fed hay and corn until new grass was available and were provided 
with minerals and salt; creep feeders, containing a special formula of 
grains, were erected which lambs could enter but larger sheep could not. 
During 1974, Mr. Cook maintained a flock of singles, a flock of 
twins, and a group of non-lactating ewes with several rams. He selec­
tively bred for twins and therefore gave that herd the best range 
throughout the summer. He used the fenced grazing method, letting the 
sheep spread out unattended. Stevens (1971) stated advantages and 
disadvantages of this method. Advantages included: 1) reduced labor 
costs; 2) increased range carrying capacity; 3) sheep in better physical 
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condition, thus might live another year; 4) cattle could easily be 
added to the operation; and 5) less grass lost through trampling. 
Disadvantages were: 1) high costs of building and maintaining fences, 
windmills and reservoirs; and 2) difficulty in controlling predators. 
After new plant growth was adequate, the flocks were moved progres­
sively further from the Ranch complex. Mr. Cook employed two permanent 
hands, one worked primarily with machinery, the foreman worked primarily 
with the sheep. On a normal summer day, the foreman drove to the sheep 
and checked or filled mineral and creep feeders. Most days he inspected 
the sheep for anomalies and asked me if any sheep ware killed. Unless 
a problem arose, he spent about an hour with the flock. Long before 
food supply was exhausted, the flocks were moved to new pastures. 
During late summer, the flocks were moved progressively closer to 
the Ranch complex, lambs were weaned and, from records, cull ewes were 
selected and sold. In mid-September, Mr. Cook sold 434 of the heavier 
lambs. The remainder were placed back in pastures, fattened, and, with 
the exception of 127 ewe lambs and 3 ram lambs, sold in October. During 
October and November, he purchased 623 known-age Targhee ewes for 
breeding stock. Normally, he raised his breeding ewes because he knew 
their ancestry and mother's productive traits. 
Ewes were bred from mid-October to mid-December with an average 
of one ram to 30 ewes. In 1974, sheep were bred as follows: 1) Columbia 
ewes to Columbia rams; 2) Suffolk-white-face cross ewes to Suffolk and 
Suffolk-Hampshire rams; 3) ewe lambs to Suffolk rams; and 4) Targhee 
ewes to Columbia, Suffolk, and Suffolk-Hampshire rams. Mr. Cook kept 
the new ewes in a separate flock to prevent introduction of disease into 
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his original flock. Rams were fitted with color-marker harnesses that 
identified mounted ewes (Collins 1956:59). Normally, rams were with 
the flock only during the breeding season. With breeding completed, 
the original ewes were returned to the range, new ewes were kept in 
nearby small fields, and ewe lambs were pastured near the foreman*s 
house. Ewes remained in those areas until late winter and were fed hay 
when snow became deep. 
CHAPTER III 
METHODS AND MATERIALS 
Searches 
Searching for carcasses was the most important phase of this 
research because searches determined the quality and quantity of data. 
With the data from the first months, I established a baseline level of 
losses without predator control for this Ranch. During the period 
without control, I chose search times to arrive after predators finished 
killing but before birds and autolysis destroyed evidence. I also 
established priorities because at times the flocks were separated by 
11.3 to 12.9 km (7-8 mi) and occupied more than 445 ha (1,100 acres). 
I had an assistant most of the time and we searched pastures every day, 
starting shortly after dawn. 
We conducted searches primarily from horseback, but often on foot 
and, where conditions permitted, we used a vehicle. When snow was deep, 
we tried snowshoes, skis, and snowmobiles in addition to the methods 
just described. Horses proved best for several reasons: the vantage 
point was high, enabling a large area to be seen and good visibility 
in tall vegetation; they did not cause damage to range soil or vege­
tation; horses often detected predators and wounded sheep before I did; 
and coyotes grew accustomed to horses and allowed close approach and 
observation. 
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Except for one, all pastures were searched in their entirety. The 
exception. Squaw Gulch, was 330 ha (815 acres) and sheep did not use the 
entire pasture. Normally, I visited pastures near dusk to verify that 
night's bedding ground because carcasses were usually found in and 
around those grounds. Alternating duties, one of us began in the 
singles' pasture, the other in the twins' pasture with the person working 
the singles moving to the twins when finished. When sheep were moved 
to a new pasture, I studied it and chose a systematic search pattern 
suited to height of vegetation and natural features of that pasture. 
We paid special attention to ditches, stream bottoms and ravines, either 
riding up them or on their edges. I chose parallel lines for open 
expanses, and distances between lines depended on ground cover and 
undulation. 
Ravens (Gorvus corax) and magpies (Pica pica) congregated on and 
around many carcasses so we searched intensively wherever these birds 
were seen. Between 11 July and 10 August, ravens and magpies were not 
seen on carcasses and the twins were in a 189 ha (467 acre) pasture 
of which 81 ha (200 acres) had thick, 1.2 m (4 ft) high grasses. 
Without birds to use as guides, we made several lines through this grass 
and relied on luck to locate carcasses. 
Searches through snow were simple because sheep movements were 
limited and easily seen. We searched only where we saw sheep tracks 
and followed the trail of lone sheep away from the flock. With snow 
cover, we also detected predator and rodent movements and noted 
such tracks. 
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Once we located a carcass, we approached it unless a coyote was 
near or feeding on it. If there was a coyote, we observed feeding and 
noted behavior of sheep and coyotes until the latter left. After we 
arrived at the carcass, we studied the area for predator tracks, trails 
of blood and signs of dragging, and glanced at the carcass for wounds 
but did not move it until we photographed it. Often we piled rocks on 
the head and neck to prevent birds from obliterating puncture marks and 
patterns before they were examined. 
I took black and white photographs with a Nikkormat FTn using a 
50 mm f2 Nikkor Auto lens with Kodak Plus-X Pan film. Under poor 
lighting, I supplemented light with a Honeywell Auto-Strobonar 460 
electronic flash unit. I took color transparencies with a Zeiss Ikon 
Contaflex Super BC using a 50 mm f2,8 Carl Zeiss Tessar lens and Kodak 
Kodachrome-X and 5247 film. For color close-ups, I used +1, +2, and 
+3 diopter Prinz lenses in various combinations. 
I made a set of 10 cm (4 in.) letters and numbers from index cards 
that matched the animals' ear tags for identification in the photographs. 
Normally, I took a photograph of each carcass as found, then placed it 
in the best available light to photograph wounds and fed-upon areas. 
Except for three short periods, we returned to pastures after searches 
to pick up carcasses for necropsies. During those periods, I left all 
carcasses where found and noted any return feeding by predators or drops 
in numbers of new kills. Mr. Cook preferred carcass removal to keep the 
Ranch clean and discourage ravens, magpies, and eagles (AqUila chrysaetos) 
from gathering around pastures. 
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Wounded and Crippled Sheep 
During searches, we sometimes sighted severely wounded sheep and 
decided to catch and destroy them because wounded animals were rarely 
reselected by predators. The sheep simply weakened while maggots 
infested their wounds, and wounded animals wandered away from the flock 
and might have died in hard-to-find spots. In previous years, Ranch 
personnel treated such animals with little success. Once we caught 
cripples, I shot them or cut their throats. If we sighted sheep that 
limped but could not see any blood, we approached them and recorded 
their paint-brand or ear tag number. 
Necropsies 
In January 1974, I attended a training session on sheep diseases 
and identification of predator wounds at the Veterinary School of 
Colorado State University, Fort Collins. Instructors discussed symp­
toms and treatments of the more common diseases and during a laboratory 
exercise, each pair of students, supervised by a veterinarian, necropsied 
a sheep. My necropsies were a variation of the Necropsy Technique 
outlined by the Veterinary School at that session. 
The equipment of my field kit included: 1) U.S. Marine Corps 
field knife with 17.8 cm (7 in.) blade; 2) bone saw; 3) scalpels; 4) 
forceps; 5) scissors; and 6) rubber gloves. 
Time of death was estimated from appearance of carcass, odor of 
flesh, and coloration and consistency of organs. This estimate was 
necessary to differentiate abnormalities from stage of autolysis. The 
datum card used for each carcass was based on cards designed by Tigner 
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with several of my additions (Fig. 1). I next followed a series of 
steps and the assistant recorded my remarks « 
I placed the animal in lateral recumbency and thoroughly examined 
head, neck and throat regions for puncture wounds. Blood in the wool 
usually indicated such wounds (Fig. 2a). If external bleeding was not 
visible in these regions, I clipped wool away with a scissors until I 
clearly saw puncture patterns or determined that wounds were not present 
(Fig. 2b-d). If no wounds were found in these areas, I checked the 
back for talon marks and the rest of the body for tears or bites. 
I cut the ear tag off and skinned the head, n̂ ck and throat, 
making sure not to ruin any puncture pattern. Subcutaneous hemorrhages 
(Fig. 2e) around punctures indicated the animal was alive when bitten 
(Davenport et al. 1973, Rowley 1970). I examined the skull for 
punctures and fractures, the throat for rupture of major blood vessels, 
and larynx for tears (Fig. 2f). 
I next moved the animal to dorsal recumbency, made an incision 
from a point anterior to the sternum to area above bladder while 
pulling up on abdominal skin to avoid puncturing the rumen. If it 
was an adult, I often severed muscles attached to the scapula and let 
the forelegs drop away. I sawed through the sternum without damaging 
heart or lungs and sliced the diaphragm to spread the rib cage apart. 
I examined organs of the thoracic cavity noting evidence of 
feeding and presence or absence of the thymus gland in lambs. Absence 
of it was often related to weak calf syndrome (Ushijima pers. comm.). 
Normal lungs were light pink ard felt spongy when squeezed. Non-aerated 
lungs were dark and felt more like the liver (Rowley 1970). Pneumonic 
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Fig. 1. Sheep mortality datum card. 
SHEEP CARCASS DATA 
Investigator (s) Date 
Time of Arrival Location 
How Located 
Topography and Vegetation 
Weather Conditions 
Animal Sign 
No. Carcasses Present Carcass Moved 
Carcass Buried Carcass Saved 
No. of Photos Animal No. Sex 
Age Singlet Twin Triplet_ 
Cause of Death: Disease Accident 
Prédation Undetermined 
Other 
Approximate time of Kill 
POSTMORTEM EXAMINATION 
When Performed 
Mutilation; 
Wound Location 
Ext. Bleeding_ 
Subcut. Hemm._ 
Tooth Marks: 
1 Surface 
2 Surfaces 
Remarks 
Date Examiner 
Fig. 2. Wounds and feeding on 
a. Lamb killed by 
typical coyote 
wounds. 
b. Sheep killed by 
coyote, no visible 
bleeding. 
c. Wool trimmed away 
from punctures. 
d. Damage under puncture 
marks, hemorrhages. 
lambs killed by coyotes. 
e. Hemorrhage around 
puncture marks. 
f. Damage to blood 
vessels and larynx 
from throat wound. 
g. Beheaded lamb, 
feeding around rib 
cage and forelegs. 
h. Young lamb killed 
by crushing of 
its skull. 
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lungs had varied degrees of congestion and congested areas were dark, 
felt very hard, and were often covered with exudates (Fig. 3a). These 
exudates sometimes caused lungs to adhere to rib cages (Fig. 3b). I 
studied the general appearance of the heart and noted volume of fluid 
in the pericardium. A large amount of fluid accompanied by small clots 
and tiny hemorrhages on the heart were symptoms of enterotoxemia (CSU 
Vet. Sch. 1974)(Fig. 3c-d). Any feeding in the cavity was noted. 
I next examined organs of the abdominal cavity and noted any 
evidence of feeding on organs. Normal livers had uniform color and 
sharp edges while infected or stressed livers were swollen, had pockets 
of infection and, often, blunt edges. Next I studied the stomach system 
for presence of food. Presence of milk in stomachs of young lambs was 
important in relation to weakness and starvation (Rowley 1970). 
Enlarged and blunt spleens indicated recent stress on the animal. I 
looked at intestines for blockages when portions were twisted or 
strangled. Bright, reddish-purple intestines, due to petechial and 
ecchymotic hemorrhages of the serosa, were diagnostic of enterotoxemia 
(Merck Vet. Manual 1967:382). I pulled kidneys out and sliced them open 
to determine firmness and adherence of capsule to kidney surface. Very 
soft, pudding-like kidneys with capsule easily sliding off were, often 
symptoms of enterotoxemia (Fig. 3e). I also noted kidney fat during 
this check. 
Identification of Wounds 
Determining if an animal was killed or wounded by a predator was 
easier than determining the species responsible. "Most predator species 
have characteristic behavioral patterns of attacking and feeding on prey" 
Fig. 3. Diseased organs and patterns of feeding by coyotes. 
a. Pneumonic lung, 
congestion along 
lower edges. 
b. Exudates from 
congested lung causing 
adhesions to rib cage. 
c. Hemorrhages on heart, 
symptom of 
enterotoxemia. 
d. "Chicken fat" clot at 
point of arrow in 
pericardial fluid, 
symptom of 
enterotoxemia. 
e. Pulpy kidney with 
capsule missing, 
symptom of 
enterotoxemia. 
f. Uneaten kill. 
g. Adult ewe, shows 
feeding on rib cage 
and greater omentum. 
h. Well-eaten lamb kill 
with rib chewing. 
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(Giles 1971:499). I used notes taken at a workshop at Colorado State 
University, Fort Collins, to help identify predators involved. 
Coyotes 
Deaths and injuries involving bites on the throat or fracture of 
the skull by bites were considered coyote prédation, unless other 
predators such as dogs (Canis familiaris) or foxes (Vulpes vulpes) were 
seen attacking sheep, or signs of such predators were discernible at 
the scene of a kill. 
Foxes 
Deaths and injuries caused by bites around the neck, head and face 
of young lambs, with a clear pattern of smaller tooth marks than those 
of coyotes, indicated fox prédation. Partial covering of carcasses with 
debris was further sign of foxes. 
Dogs 
Deaths and injuries involving numerous tears and slashes suggested 
dogs. Normally, these sloppy wounds were located around the hind 
quarters of sheep. 
Eagles 
Deaths and injuries caused by eagles involved definite talon marks, 
usually on the necks, heads or backs of lambs. Ribs snapped off at the 
spine and the "whitewash" of defecation nearby indicated feeding by eagles. 
Ravens 
Ravens caused deaths and injuries by pecking eyes and other 
natural openings of animals that were already down and vulnerable. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Total and Field Mortality 
Total mortality was all mortality that occurred from the beginning 
of lambing season of 1974 to 14 March 1975. During autumn 1974, Mr. 
Cook made two purchases of Targhee ewes totaling 623 animals. Since 
these ewes were exposed to prédation for only 4-5 months, and during 
the private control period, I treated them separately (Table 1). Field 
mortality was all mortality that occurred after the sheep were moved 
from pens and corrals adjoining the lambing sheds and initially exposed 
to prédation. Results, including mortality for the new flock purchased 
during autumn, are presented in Table 2. Field mortality figures are 
meaningful only when taken into account with herd size. Mortality as 
percentages of lamb crop, ewe flock and total herd are listed in Table 3. 
When prédation on domestic stock is discussed, reference is often 
made to extremely high losses in localized situations. Mr. Cook's Ranch 
appears to be in this category. The loss of 20.8 percent of the 
original herd far surpasses the 5.3 percent average reported by Reynolds 
and Gustad (1971) for the states of Montana, Wyoming, Colorado, and 
Texas. Nielson and Curie (1970) reported a 6.1 percent loss in Utah, 
Early et al. (1974) estimated 3.4 percent for Idaho, and Anon. (1970) 
showed 15 percent for Montana in 1969. As a percentage of total 
mortality, the 69.7 percent attributed to predators on the Eight Mile 
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Table 1. Numbers (percentages) of total mortality for all sheep from 
2/15/74 to 3/14/75. 
Class 
Natural 
Deaths in 
Lambing 
Sheds 
Natural 
Field 
Deaths 
Predator 
Kills Undetermined 
Total 
Mortality 
Lambs 117 (22.8) 30 (5.8) 355 (69.1) 12 (2.3) 514 (100) 
Adult 
Ewes 0 27 (27.8) 70 (72.2) 0 97 (100) 
Original 
Herd 117 (19.1) 57 (9.3) 425 (69.6) 12 (2.0) 611 (100) 
New 
Sheep - 9 (27.3) 243(72.7) 0 33 (100) 
Entire 
Inven­
tory 117 (18.2) 66 (10.2) 449 (69.7) 12 (1.9) 644 (100) 
Încludes 5 ewes severely wounded and destroyed by investigator. 
Table 2. Numbers (percentages) of field mortality for all sheep from 
3/15/74 to 3/14/75. 
Natural Predator Total Field 
Class Deaths Kills Undetermined Mortality 
Lambs 30 (7. 6) 355 (89.4) 12 (3.0) 398 (100) 
Adult Ewes 36 (27. 7) 94 (72.3) 0 130 (100) 
Entire 
Herd 66 (12. 5) 4493(85.2) 12b(2.3) 527 (100) 
Încludes 35 severely wounded animals that were destroyed by investigator. 
Încludes 7 lambs that were not accounted for. 
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Table 3. Numbers (percentages) of field mortality for the original herd 
from 3/15/74 to 3/14/75. 
Total Field 
No. of Natural Predator Mortality as 
Class Animals Deaths Kills Undetermined % of Class 
1974 
Exposed 
Lamb Crop 1,210 30 (2.5) 355 (29.3) 12 (1.0) 397 (32.8) 
Original 
Ewe Flock 831 27 (3.2) 70 (8.4) 0 97 (11.7) 
Entire 
Original 
Herd 2,041 57 (2.8) 425 (20.8) 12 (0.6) 494 (24.2) 
Ranch is far above the 24.6 percent reported by Reynolds and Gustad 
(1971) and the estimated 27.2 percent by Early et al. (1974) for Idaho. 
Including deaths prior to exposure, the loss to natural causes 
was 8.5 percent of the original herd. This figure is below the 16.1 per­
cent average reported by Reynolds and Gustad (1971) and the 9.1 percent 
estimated by Early et al. (1974) for Idaho. As a percentage of total 
mortality (Table 1), our 28.4 is well below the 75.4 percent reported 
by Reynolds and Gustad (1971) and the 72.8 percent estimated by Early 
et al. (1974) for Idaho. 
Natural Field Deaths 
I attempted to determine the cause of all natural deaths. Often 
a single cause was evident, sometimes a combination of factors were 
responsible, and sometimes I could not discern a cause. Tables 4 and 5 
contain results for lambs and ewes, respectively. 
Table 4. Causes of natural field deaths by sex of lambs from 3/15/74 
to 3/14/75. 
No. of No. of 
Cause Ewe Lambs Male Lambs % of Total 
Accident and pneumonia 0 1 3.3 
Enterotoxemia 0 4 13.3 
Intestinal blockage 0 1 3.3 
Pneumonia 5 5 33.3 
Pneumonia and liver infection 1 2 10.0 
Unspecified 2 4 23.3a 
Urinary calculli 0 1 3.3 
Weak calf syndrome 1 2 10.0 
Totals 9 20 100.Ob 
Încludes an additional lamb of unknown sex, making total 30 lambs. 
Âfter correcting rounding error. 
Table 5. Causes of natural field deaths for adult ewes from 3/15/74 
to 3/14/75. 
Cause No. of Ewes % of Total 
Accident 2 5.6 
Bladder rupture 1 2.8 
Blindness 1 2.8 
Bloat 4 11.1 
Enterotoxemia 2 5.6 
Intestinal blockage 1 2.8 
Mastitis 1 2.8 
Old age complications 3 8.3 
Old age and intestinal blockage 2 5.6 
Old age and pneumonia 5 13.9 
On back, suffocated 1 2.8 
Operational difficulties 1 2.8 
Paralysis 1 2.8 
Pneumonia 8 22.2 
Pneumonia and liver infection 1 2.8 
Unspecified 2 5.6 
Totals 36 100.Oa 
Âfter correcting rounding error. 
Causes of field deaths varied, with pneumonia responsible for 
more deaths than any other single cause. Field losses related to 
pneumonia comprised 46.7 and 38.9 percent of lamb and adult ewe deaths, 
respectively. Safford and Hoversland (1960) found pneumonia to be the 
greatest cause of death in lambs studied in Montana. Bloat accounted 
for 11.1 percent of adult ewe deaths while old age complications were 
responsible for 8.3 percent. Scott (1971) stated that losses to bloat 
depended on individual susceptibility as well as food type and abun­
dance. Old age complications consisted of general deterioration of 
organs and their functions. The Targhee ewes were old and some losses 
were expected. Although not indicated in the tables, one adult ram 
was shot because of recurrent paralysis of one hind leg. 
The deaths of lambs prior to exposure (Table 6) are accurate by 
number but only an estimate by specific causes. The estimation was 
required because I arrived on 15 March 1974, 2 weeks after lambing 
began. I used the Ranch records for early lamb losses because each 
ewe's production and fate of her lambs was recorded. Abortions and 
stillbirths were usually indicated but not the specific causes for lambs 
that died shortly after birth. The 117 lambs dead prior to exposure 
represented 8.8 percent of the 1974 lamb crop. Lamb deaths in the first 
75 days of life totaled 137 or 10.3 percent of the 1974 lamb crop. 
This compares with the 10.7 percent average Matthews (1958) reported 
in Utah. Undoubtedly, many of the miscellaneous deaths, and possibly 
some abortions, resulted from weak calf syndrome, a disease that has 
caused many problems in the Bitterroot Valley during recent years. 
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Table 6. Causes of lamb deaths in the lambing sheds 
Cause No, of Lambs % of Total 
Abortions 
Born dead 
Miscellaneous deaths before dockinĝ  
Weak calf syndrome 
23 
14 
53 
27 
19.6 
12.0  
45.3 
23.1 
Totals 117 100.0 
Încludes birth defects, being laid or stepped on, too weak to feed, 
scours, and unspecified deaths. 
The five carcasses in this category were discovered too late to 
discern hemorrhages on the remains. The other seven lambs were 
unaccounted for with no trace of their fate. When lambs were very young, 
they could have been removed from pastures by predators and scavengers. 
In fact, one lamb was born late on the range and when the foreman 
returned to tag the lamb, it was gone, and we never found a trace of it. 
Robinson (1952) stated that a yearling mule deer (Odocoileus hemionus) 
carcass was so well cleaned up that all pieces were carried away. He 
believed that prédation should rightfully be suspected if animals 
disappeared and left no trace. 
Another possibility was the escape of lambs into a pasture where 
searches were not conducted. Some gates had enough space beneath to 
allow lambs to crawl out. On several occasions, we returned escaped 
lambs to their pastures. It is also probable that we missed carcasses 
during our searches. 
Undetermined Deaths 
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Health of Sheep Killed by Predators 
Of 449 sheep killed by predators, I determined the health of 271 
(60.4%). Health of the remainder could not be determined because 
predators and scavengers removed viscera, decomposition was advanced, 
or the carcass was left undisturbed as carrion. Condition was divided 
into three categories: healthy, abnormalities present, and severe 
disorders evident. An animal was classified as healthy if gross exam­
ination did not reveal abnormalities. Abnormalities included minor 
lung congestion, liver infection, mild enteritis, enlarged spleen, and 
slightly pulpy kidneys. Such abnormalities may or may not have contrib­
uted to the animal's death by prédation. Such lambs were fat and not 
noticeably smaller than the average. Severe disorders included entero-
toxemia, advanced stages of pneumonia, and crippled legs. These 
disorders did affect the animal's movement, breathing and feeding. 
Tables 7 and 8 illustrate the results of the examinations. 
Between 18 July and 3 August 1974, 15 lambs were shot and examined. 
Fourteen of these were randomly selected and the remaining one was 
obviously ill when shot. The results of examinations of those lambs are 
presented in Table 8 in comparison with the lambs killed by predators. 
Table 9 shows the results of examinations of wounded sheep. 
My necropsies were short, gross examinations for several reasons: 
1) I had to necropsy numerous animals nearly every day; 2) the carcasses 
had already been decomposing for several hours while we searched; 3) the 
examinations were under ileld conditions with basic cutting tools; and 
4) many carcasses had varying degrees of feeding with parts damaged 
or missing. 
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Table 7. Health at the time of death by sex and age classes. 
Class 
Number 
Examined Healthy 
Abnormalities 
Present 
Severe 
Disorders 
Evident 
Male Lambs 
Female Lambs 
Adult Ewes 
101 
94 
76 
74 (73.3%) 
73 (77.7%) 
57 (75.0%) 
20 (19.8%) 
17 (18.1%) 
14 (18.4%) 
7 (6.9%) 
4 (4.2%) 
5 (6.6%) 
Totals 271 204 (75.3%) 51 (18.8%) 16 (5.9%) 
Table 8. Lambs killed by predators and those shot for comparison. 
Class 
Number 
Examined Healthy 
Abnormalities 
Present 
Severe 
Disorders 
Evident 
Kills 
Shot 
195 
15 
147 (75.4%) 
11 (73.3%) 
37 (19.0%) 
3 (20.0%) 
11 (5.6%) 
1 (6.7%) 
Table 9. Health of sheep severely wounded by predators. 
Class No. Wounded No. with Abnormalities 
Ewe Lambs 
Male Lambs 
Adult Ewes 
10 
15 
10 
1 
2 
4 
The gastro-intestinal tracts of six lambs were taken to the 
University of Montana and examined for parasites by Gale Hudkins for 
Independent Study credit. Four of the lambs were shot, one died 
naturally, and one was a predator kill. Tracts were examined system­
atically, content samples were examined under a dissecting scope and 
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fecal smears examined microscopically. Five of six parasite exams were 
negative, the remaining exam revealed one nematode egg in a fecal smear. 
The general health of Mr. Cook's sheep was good and parasite loads 
were very light. So predators were selecting from herds in which a vast 
majority of the members were healthy. Shelton (1973) stated that with 
sheep and goats (Capra hircus), coyotes selected the more vigorous 
animal because it broke away from the group more readily. Goldman (1930) 
stated that motion quickly reveals location and some field evidence 
indicated that the strong and healthy as well as the weaker animals 
are killed. 
Handicapped Sheep 
We noted tag numbers and paint brands of sick or limping sheep 
for later use in the event they were found dead. Histories of 21 such 
sheep are presented in Table 10. Sheep, in general, are little challenge 
to coyotes, and I believe they can kill the healthiest of the herd with 
almost as little effort as a lame or sick sheep. Some of the adult ewes 
weighed no less than 90.9 kg (200 lbs) yet were killed by a single grip 
on the throat. Shelton (1973) exposed sick and injured goats and sheep 
to coyotes with almost no losses. My results indicate that twice as 
many (28.5%) handicapped sheep were never killed as were killed within 
2 weeks after their handicap was noted (Table 10). 
There were two instances where severely crippled adult ewes were 
exposed to prédation. The first ewe had problems with her front legs 
and could only move at a slow crawl. When the flock was moved to Squaw 
Gulch, this cripple took an extra day to catch up to the herd at the 
bedding grounds. She was in Squaw Gulch from 6 to 31 May and was never 
29 
touched by predators. On 1 June, she was brought in and I shot her along 
with several wounded lambs. Squaw Gulch was full of high grass and some 
alfalfa, and I believe her inactivity in this cover kept her alive. 
Goldman (1930) felt that unfit individuals were apt to be motionless 
and therefore overlooked by predators. The second crippled ewe had 
trouble in her hind legs and could only hobble, but she was in a smaller 
pasture during the fall where there was practically no cover for 
protection. Although this ewe was attacked by coyotes, she was only 
wounded and still able to move away when I shot her. One other ewe was 
wounded and two killed on the same morning in the same pasture. 
Table 10. Histories of 21 handicapped sheep. 
Number (%) Number (%) Died Died 
Killed Killed Naturally Naturally 
Within After Number (%) Within After 
Category 2 Weeks 3 Months Not Killed 2 Weeks 1 Month 
Wounded or 
Limping 3 (14.3) 3 (14.3) 6 (28.5) 0 0 
Severely 
Crippled 1 (4.8) 0 
00 r—1 
0 0 
Noted as 
Sick 0 0 0 6 (28.5) 1 (4.8) 
Types of Predator Kills 
Although most prédation was by coyotes, five species were involved. 
Results are presented in Table 11. 
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Table 11. Number (percentages) of sheep killed by five species of 
predators between 3/15/74 and 3/14/75. 
Lambs Ewes % of All 
Predators Killed Killed Total Prédation 
Coyotes 349 (80.0) 87 (20.0) 436 97.1 
Dogs 0 6 (100.0) 6 1.3 
Foxes 3 (100.0) 0 3 0.7 
Eagles 2 (100.0) 0 2 0.4 
Ravens 1 (50.0) 1 (50.0) 2 0.4 
Totals 355 (79.1) 94 (20.9) 449 100.Oa 
Âfter correcting rounding error. 
Locations of Wounds Inflicted by Coyotes 
Of the sheep killed, 71.8 percent were killed by neck-throat 
wounds. These wounds (Fig. 3a) resulted from coyotes' upper canines 
penetrating just below the ears and lower canines penetrating the area 
of the laryngés. Such grips often squeezed the laryngés shut and 
blocked air passage to the lungs causing death by suffocation rather 
than loss of blood. I recorded wound location on the datum cards for 
each sheep killed (Table 12). 
Neck-throat wounds (71.8% of the coyote kills) were identical to 
those reported by Davenport et al. (1973) for coyotes in Utah. 
Undoubtedly, this type of grip is most efficient and was reported on 
white-tailed deer (Qdocoileus virglnianus) by Ozoga and Harger (1966). 
The focal point may be the throat, but during an attack a coyote may try 
several grips before subduing a sheep; my examinations revealed many 
punctures from the adjustment and readjustment of the grip. White (1973) 
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Table 12. Locations of wounds inflicted by coyotes. 
No. of No. of No. of No. of % of Total 
Location Adult Ewes Ewe Lambs Male Lambs Unknown Sex Selected 
Neck and 
Throat 75 136 98 4 71.8 
Neck and 
Face 8 11 11 0 6.9 
Neck, Throat 
and Other 4 16 13 0 7.5 
Decapitated 0 9 10 1 4.6 
Head, Throat 
and Other 0 12 27 1 9.2 
Total 100.0 
reported that only 4 of 31 fresh carcasses of white-tailed deer fawns 
with heads remaining had not been bitten in the head or neck. 
Robinson (1952) reported such wounds in the head and neck areas of elk 
(Cervus canadensis) calves and mule deer killed by coyotes. 
Young lambs were often killed by punctures and fractures of the 
skull before the bones hardened (Fig. 2h). These small lambs, 7-11 kg 
(15-25 lbs), were easily gripped over the top of the head by the taller 
coyote. Decapitation (Fig. 2g) on young lambs (4.6%) seemed to be the 
characteristic of some coyotes. Decapitation often resulted in the 
disappearance of the head with the lamb's plastic ear tag. If coupled 
with thorough feeding, it was impossible to identify the particular lamb 
or its sex. 
Kills by foxes also had small puncture marks on the head and neck 
but the puncture marks were much smaller than those made by coyotes. 
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The eagle kills had no such wounds but instead several talon patterns on 
the shoulders and lower back. Those ewes killed and wounded by dogs 
had no damage around the head-neck region• The wounds inflicted by dogs 
were confined to the hind quarters and belly, and consisted of large 
tears and rips. The two dogs responsible were Irish wolfhounds, and 
the foreman and I saw them harassing the flock. I had seen their tracks 
near one previous kill, and the Ranch foreman located the owners who 
paid partial damages and agreed to get rid of the dogs. The ewe 
killed by ravens had pneumonia; apparently while she was down her eyes 
were pecked out and she bled to death. The newly born lamb killed by 
ravens was pecked on the muzzle and near the anus damaging the intestinal 
tract. This lamb was a twin born unexpectedly on 13 December 1974. 
Rams were left with the flock of twins for a few weeks in July and 
several ewes were bred. This forced an unplanned move back to the Ranch 
complex in December and resulted in a number of early lambs during 
winter. I judged that after the ewe had the first lamb, she moved a 
short distance away to have the second. While the second lamb was 
born, the ravens attacked the first lamb and wounded it as described. 
Rowley (1970) stated that birth of twins may be separated by an interval 
where the first lamb is left unattended for up to half an hour and might 
be subjected to repeated attacks. 
Sheep Wounded by Predators 
Many sheep were wounded throughout the study, and 35 were so 
severely wounded that they were destroyed. Throat wounds often punctured 
the larynx to the extent that the animal was breathing in air and blood 
through the wound. Swelling of the throat from a broken jaw or 
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accumulation of fluids inhibited or prevented feeding. Sometimes the 
wounds were infested with maggots that had worked their way into the 
body cavity. I observed one attack on a ewe that resulted in a tear 
that allowed intestines to slip out and hang exposed. The ewes 
wounded by the dogs had tears and rips that exposed flesh and, in a 
few, loops of intestine. One ewe had her entire left hind quarter 
skinned and it bled profusely, yet she remained on her feet. 
We noted topography of each kill site (Table 13). Sheep bedded 
on high points when they were available in pastures and 40.5 percent 
of the kills were in ditches, stream bottoms and ravines surrounding 
those points. I believe that coyotes attacked herds while on their 
bedding grounds and chased sheep into steep areas where the sheep would 
lose footing and be easily captured. This tactic was suggested by 
Davenport et al. (1973) for coyote prédation on sheep in Utah. Cahalane 
(1947) gives the following account of a mule deer killed by coyotes in 
Grand Canyon National Park: "The doe had been pursued to the top of a 
slope, turned downhill, and overridden or tripped on the downgrade. 
There her footing would be less secure than on level ground and the 
advantage would shift more heavily in favor of the aggressors." 
Table 13. Kill sites in pastures with low areas. 
Class Killed in Low Area Not Killed in Low Area 
Kill Sites 
Ewe Lambs 
Male Lambs 
Adult Ewes 
All Sheep 
44 (41.9%) 
35 (39.3%) 
23 (39.7%) 
102 (40.5%) 
61 (58.1%) 
54 (60.7%) 
35 (60.3%) 
150 (59.5%) 
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Kill sites were often in areas of rocks or thick vegetation so 
tracks were not commonly seen. Often there were trails of blood and 
entrails through the grass or soil and contents of the rumen scattered 
by birds. These trails, according to Davenport et al. (1973), resulted 
from coyotes tearing at the carcasses. I observed several feeding 
coyotes and noticed that often the carcass was not firmly anchored and 
each tug on the meat moved the carcass a short distance. 
Observations of Coyote-Sheep Interactions 
As a result of noncontrol conditions, coyotes became quite bold 
and we saw them frequently. Deliberate attempts to observe prédation 
failed and were a possible deterrent to predators, so I never developed 
a system for observations. Chance observations did occur; Gale Hudkins 
watched a kill and although it was our only observation of the entire 
procedure, I present it here as one example of how a pair of coyotes 
interacted with the herd. 
Hudkins recorded the following on 15 June 1974, a warm, sunny day, 
in a flat pasture containing 78.1 ha (193 acres) of short vegetation, 
a small stream, and a single ponderosa pine tree. 
0720: Coyote, later identified as a male, entered from NE; 
0723: male trotted toward flock; 
0724: female coyote moving toward observer's location; 
0725: flock bunched; 
0727: flock began to run as male trotted in smaller and 
smaller circles around the flock and occasionally 
broke into a run; 
0731: a lamb, approximately 15 kg (33 lbs), broke from the 
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flock, male coyote moved toward it and "herded" 
it away from flock; 
0733: male coyote, on the right side of the lamb, gripped 
the lamb over the neck and forced the lamb to stop 
momentarily, the lamb repeatedly moved on and stopped, 
yet never broke the coyote's grip; 
0736: the lamb went down, legs moving, grip on lamb could 
not be seen; 
0738: lamb back up, coyote maintained grip; 
0739: lamb ran a short distance and went down for the last 
time, male coyote pulled and dragged the carcass; 
0741: male coyote left carcass to drink, then went to 
female where she licked his muzzle; sheep milled 
around carcass; 
0742: both coyotes trotted toward carcass, female fed while 
male harassed the sheep; male came back to carcass, 
chased female away and fed; 
0751: male joined female and they moved to the NE; 
0752: female turned and moved back to carcass; 
0753: female fed, male laid down outside pasture; 
0803: male moved toward carcass; 
0804: male chased female away from carcass and fed while 
she laid down a short distance away; 
0809: female left pasture and moved NE; 
0817: male fed; 
0830: male ran out of pasture toward N, stopped and urinated 
on sagebrush. 
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A second observation of a pair of coyotes involved a flock of 
ewes during early fall. 1 had just ridden out of a draw when a single 
ewe ran directly toward me with a male and female coyote in pursuit; 
the coyotes saw me and ran from the pasture. This ewe had apparently 
broken from the flock and was then pursued by the coyotes. One ewe 
had already been killed and fed on, presumably by these coyotes just 
a short distance from the area of the chase. 
A third observation occurred during winter and again involved a 
flock of ewes. We were quite a distance away when we noticed the flock 
tightly bunched on an opposite hillside. We spotted a coyote running 
into the flock and another holding back. As we moved to a closer 
vantage point, the coyotes left. Inspection revealed a wounded ewe 
and another ewe killed and fed on before our observations. 
Other observations I made during fall indicated that "panic" 
movements of sheep triggered a pursuit mechanism in coyotes, regardless 
of previous feeding. This may partially explain why more animals were 
killed than eaten. Howard (1974) stated that "... the amount of 
uneaten flesh that coyotes leave from prey they have killed greatly 
exceeds the amount of dead flesh or carrion which they find and eat." 
Sightings of Coyotes 
Throughout the study period, we noted every sighting and location 
of coyotes. I recorded 60 such sightings, all on the Eight Mile Ranch 
and in close proximity to the sheep. During spring and early summer, 
we noted various distinctive markings and body sizes. I am confident 
that early losses were the responsibility of several different coyotes. 
As summer progressed, there were periods when kills were so distinctive 
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that I suspected the same few individuals operated during those periods. 
A particular leg would be torn off, or the head was crushed or ripped 
away in a very distinctive manner that suggested the characteristic 
habit of a particular coyote. 
Times of Kills 
Coyotes killed sheep at various times during the day, but the vast 
majority of the kills were accomplished just prior to dawn. One lamb 
was killed about 11:00 a.m., shortly after we had finished our search 
of the small pasture. The Ranch foreman had approached the pasture to 
feed the sheep hay when he saw a large coyote running from the fresh 
carcass. On another occasion, we returned to Squaw Gulch to check 
carrion at 1:45 p.m. and saw an average size coyote running from an 
area that later revealed a freshly killed lamb. On several mornings 
during spring, we found fresh carcasses which were very stiff and 
covered with heavy frost, indicating some kills were made during the 
middle of the night. 
Feeding on Kills 
Parts of carcasses consumed varied from day to day and coyote to 
coyote. One common area of feeding on lambs was the rib cage and fore­
legs (Fig. 2g). Davenport et al. (1973) stated that coyotes began 
feeding at the sternum and chewed the fat and flesh from the rib cage. 
Rib chewing (Fig. 3h) automatically eliminated birds from that kind of 
damage and was seen on both lambs and adults. Often we found carcasses 
with the fatty greater omentum pulled out and consumed (Fig. 3g), and 
most carcasses were found on their sides. One kill I diagnosed as a 
fox kill had feeding on the side next to the ground and this characteristic 
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of fox feeding was mentioned at the workshop at Colorado State Univer­
sity. The ewes killed by dogs were not extensively fed on but merely 
mutilated. The two lambs killed by eagles had feeding around the 
shoulders and rib cages with some ribs snapped at the spine and evidently 
consumed. 
I established four categories for the varying degrees of feeding 
by predators on kills. If an animal was only killed, I placed it in 
the first category of no consumption (Fig. 3f). If it had a few bites 
in an isolated area or the greater omentum eaten, I placed them in the 
second category of very light consumption. Light feeding meant a small 
area of the carcass was eaten, often the outside of the rib cage or 
head and neck areas (Figs. 2g and 3g). If hind quarters or most of the 
entrails were eaten, I categorized those carcasses as moderate feedings. 
Extensive feeding meant that little more than bones and the fleece 
remained (Fig. 3h). Results are shown in Table 14 for fresh carcasses 
only. 
We observed two instances where coyotes fed on sheep before they 
died. In one instance, the sheep raised its head after the coyote had 
pulled out and eaten some of the intestines; in the other, I came upon 
a lamb with feeding around the lower tract, yet it was still alive. 
This has also been observed with coyote prédation on mule deer (Cahalane 
1947) and elk (Robinson 1952). When several sheep were killed on the same 
day, one or two would be fed on while the others were untouched. Orent 
and Levinson (n.d.) reported the same phenomenon with multiple kills. 
Table 14. Numbers (percentages) of carcasses fed upon by predators. 
Class No Consumption Very Light Light Moderate Extensive Examined 
Ewe Lambs 20 (11.6) 21 (12.2) 43 (25.0) 58 (33.7) 30 (17.5) 172 (100.0) 
Male Lambs 12 (8.3) 16 (11.1) 37 (25.7) 58 (40.3) 21 (14.6) 144 (100.0) 
Adult Ewes 4 (5.1) 7 (8.9) 29 (36.7) 34 (43.0) 5 (6.3) 79 (100.0) 
Totals 36 (9.1) 44 (11.1) 109 (27.6) 150 (38.0) 56 (14.2) 395 (100.0) 
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Lambs Selected by Predators 
Of the 355 lambs killed by predators, I could determine the age 
of 312 (87.9%). The average birthday for all lambs was 17 March 1974, 
and ages of lambs killed ranged from 1 to 241 days. The male lambs 
killed averaged 2.15 days less than the average age of the male flock, 
and female lambs averaged 1.15 days less than the average age of the 
female flock. 
Color 
All of the four black lambs exposed to prédation were killed. 
The Ranch foreman said that during the previous year all of the black 
lambs were also killed. 
Sex 
My results indicate a significant preference for ewe lambs by 
coyotes (P <.025 with Yates correction, 1 d.f.). The reason for 
this preference is unclear, but one possibility may lie in subtle 
behavioral differences between the sexes. Jackson et al. (1972) found, 
with white-tailed deer fawns, that by 1 month of age, males were active 
a greater percentage of the time but females were active during the 
night. They further stated that the more active animals were more 
likely to be detected by predators. If, for some reason, ewe lambs 
were detected more easily or broke from the main group more often when 
under attack, their chances of being killed would be increased. 
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Singles Versus Twins 
The singles* flock was always closer to the Ranch complex and 
never more than 3.2 km (2 mi) from it. The singles* flock was often 
near the Eight Mile Road, a dirt road with moderate traffic. In 
addition, the singles* flock was often near a neighboring cattle ranch 
where operation of an irrigation system may have repelled coyotes 
during mornings. Although relatively few kills were made in pastures 
grazed by the singles this year, Mr. Cook said his losses were very 
high in these same pastures during the 1973 season. 
The twins * flock suffered higher losses than the singles* flock 
and were usually pastured in rougher terrain several kilometers from 
the Ranch complex. These pastures were larger than any used by the 
singles and consisted of wooded draws and stream bottoms. The twins* 
flock was close to the Sapphire Range most of the time, and those hills 
probably contained the bulk of the coyote population. There were no 
disturbance factors that might deter coyotes near the twins. Table 15 
shows the differential prédation suffered by the two separate flocks, 
prior to weaning. Forty-six more lambs were killed after weaning. 
Table 15. Prédation on singles* flock versus twins * flock. 
Ewe Lambs Male Lambs Sex Total Total as a 
Class Exposed Selected Selected Unknown Selected % of Flock 
Singles * 
Flock 344 29 29 3 61 17.7 
Twins* 
Flock 844 133 111 3 247 29.3 
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Average Number of Kills Per Day 
Kills per day are presented in Fig. 4 by month for lambs and 
adult ewes. Averages for lambs ranged from a high of 3.19 in May to 
0.65 in October. Substantial losses of adult ewes began in August 
when the average was 0.32 per day and reached a high of 0.70 in 
September. 
Kills and Weather 
I recorded general weather conditions on datum cards to see if 
prédation was related to such conditions. Changing weather conditions 
were often accompanied by a rise in the daily number of kills. I 
recorded changing weather conditions as partly cloudy because those 
conditions signaled the passage of weather fronts through the area. 
Results are shown in Table 16 for fresh lamb kills only. 
Table 16. Predator kills and weather conditions. 
Type of Weather No. (%) Days No. (%) Kills Kills Per Day 
Partly Cloudy 12 (7.3) 31 (10.0) 2.58 
Cloudy 47 (28.7) 93 (29.9) 1.98 
Fair 105 (64.0) 187 (60.1) 1.78 
Leaving Carcasses as Carrion 
I chose three short periods to leave all carcasses where they were 
found. Except for photographs and verification of wounds, I left the 
carcasses undisturbed and checked them daily for return feeding. The 
first two periods were 13 and 11 days long, the last period ended pre­
maturely when the flock was returned to the Ranch complex unexpectedly. 
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Prédation during the first two periods are presented in Fig. 5 and 
excludes wounded sheep. We checked old carcasses as we searched and 
I recorded only two instances when an old carcass was fed on by a 
carnivore. The first record was on a lamb mostly submerged and cooled 
in a small stream and left undisturbed by birds. The second record 
was quite accidental when we watched a coyote tugging on a lamb 
carcass we overlooked. These instances were isolated, and one morning 
I found a fresh kill only 10 m (11 yds) from a day-old carcass. I 
think there are two reasons why coyotes rarely returned to a previous 
kill: 1) many carcasses were reduced to mere skin and bones within 
hours by ravens, magpies, and golden eagles; and 2) fresh meat was 
easily obtained. Kills were made when sheep dead from natural causes 
were present. Cook et al. (1971) "... found no conclusive evidence 
of coyotes scavenging fawns killed by other causes during the height of 
fawning season." 
Prédation and Control 
From 15 October 1974 to 14 March 1975, private control was 
permitted on the Ranch. During this period, there was a verified take 
of nine coyotes. Two of these were shot, and the other seven were 
trapped; all nine were taken in or near the pastures containing 
sheep. Two other coyotes were wounded and two were rumored to 
have been killed by unauthorized hunters. The Ranch foreman trapped 
and shot at coyotes as time allowed and that was the extent of the 
Ranch effort for control. One trapper caught a coyote, but little 
other effort was made by non-Ranch personnel. Results of the verified 
take are presented in Table 17 along with the effects of this control 
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on numbers of sheep killed. Such control was probably typical of man-
caused mortality to coyotes in most "non-control" areas. 
Table 17. Coyotes killed and numbers of sheep killed during control. 
No. (Sex) of Adult Ewes Lambs 
Period Duration Coyotes Taken Selected Selected 
9/15 - 10/14 No control allowed 18 13 
10/15 - 11/14 4 (3F*, IM**) 10 11 
11/15 - 12/14 4 (2F, 2M) 17 Shipped 
12/15 - 1/14 1 (M) 13 Shipped 
*F = Female 
= Male 
Secondary Losses 
Economic analyses of losses to prédation measure only primary 
losses because the secondary ones are difficult to evaluate. Neverthe­
less, these secondary losses are real to the producer. One possible 
secondary loss is the early weaning of lambs. When ewe flocks number 
in the hundreds with lambs nearly twice as numerous, there is mass 
confusion when predators chase the flock. It may be hours before lambs 
rejoin their mother and weaning sometimes occurs. Lambs weaned pre­
maturely fail to grow and gain weight as they would if still receiving 
nourishment from their mothers. A second example of loss is the weight 
loss by lambs and ewes due to daily harassment by predators. Lambs 
weaned prematurely may become runts and decrease the value of the flock 
when inspected by a lamb buyer. Ewes that have lost their lambs early 
may develop a swollen or spoiled udder, and if she survives may never 
produce milk for lambs again. Another example of secondary loss is the 
feed lost through trampling when sheep are forced to bunch together. 
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When predators are detected, a herd that would normally spread while 
feeding bunches up until the threat has passed. A final example is 
one I measured during the last few months of the study period. I 
recorded 28 lambs in the uteri of ewes killed by wild predators. 
Although it cannot be said that all of these lambs would eventually 
be sold, a certain percentage would. These are not all the possible 
secondary losses but illustrate the point and should be considered 
when evaluating losses to predators. 
Losses Without Control 
During the non-control period, 29.3 percent of the lambs exposed 
to prédation were lost to predators. Such losses preclude profitable 
production of lambs. During the period when nine coyotes were killed, 
prédation never stopped and all of those coyotes were killed in or 
around pastures containing sheep. Such control efforts apparently are 
not intense enough to halt prédation in certain areas. Where prédation 
is a genuine problem, control programs utilizing professional personnel 
and proper application of selective control methods are probably 
necessary to hold losses to acceptable levels. Research and development 
of more efficient and selective control methods are important to 
satisfy both environmentalists and stockmen. 
CHAPTER V 
SUMMARY 
From 15 March 1974 through 14 March 1975, I documented mortality 
suffered by domestic sheep on the Eight Mile Ranch at Florence, Montana. 
Under agreement between the Ranch owner, Mr. Bill Cook, and the Denver 
Wildlife Research Center, the Ranch was operated without predator 
control for the first 7 months. During the remainder of the study 
period, private control was permitted using Ranch employees and non­
professional hunters with permission. This Ranch was ideal for this 
study because the pastures were relatively small and open for locating 
carcasses. 
We conducted searches for carcasses shortly after dawn daily, 
usually from horseback. During the noncontrol period, we began searches 
after predators finished killing but before scavengers and autolysis 
destroyed evidence. I took photographs of carcasses and necropsied as 
many as possible to determine causes of death. Important information 
was recorded on individual datum cards concerning time and location of 
death, descriptions of wounds, and results of gross examinations of the 
sheep's health at the time of death. With the exception of three 
short periods, all carcasses were placed in the Ranch dump. 
During the study period, I recorded a total of 644 deaths of 
which 117 (18.2%) were lambs dead in the lambing sheds prior to 
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exposure to prédation. Field deaths numbered 527 or 81.8 percent of 
total mortality and included 397 lambs and 130 adult ewes. Of the 
field deaths, 449 (85.2%) were attributed to prédation, 66 (12.5%) were 
natural deaths, and 12 (2.3%) were undetermined. Five of those 
undetermined deaths were carcasses found after scavengers and decay 
destroyed evidence, the other seven lambs were unaccounted for. 
The sheep were killed by five species of predators including 
coyotes, dogs, foxes, eagles and ravens with coyotes responsible for 
97.1 percent of sheep killed by predators. Most of the sheep killed 
(79.1%) by predators were lambs; significantly more female lambs were 
selected than male. Most of the sheep were killed just prior to dawn 
near the bedding grounds. In pastures containing ditches, stream 
bottoms and ravines surrounding the bedding grounds, 40.5 percent of 
the carcasses were found in those areas. The flock of twins were 
usually located farther from the Ranch complex and, prior to weaning, 
29.3 percent of that lamb flock were killed compared to 17.7 percent 
of the singles' flock. 
For lambs, the highest average daily number of kills (2.6) occurred 
during changing weather conditions and the average age of lambs killed 
was slightly less than the average flock age. Coyotes inflicted wounds 
in the head-neck-throat area of sheep and 71.8 percent of the carcasses 
had simple neck-throat wounds. Feeding on killed sheep ranged from 
none (9.1%) to extensive (14.2%) leaving only fleece and bones. I 
could determine the health at time of death for 60.4 percent of the 
sheep killed by predators and 75.3 percent were healthy; 73.3 percent 
of 15 lambs shot for comparison were healthy. During the three short 
periods when I left all carcasses undisturbed as carrion, I recorded 
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only two instances when coyotes returned to feed. Leaving carcasses 
had no discernible effect on the number of new kills. 
Natural death causes prior to exposure included abortions, still­
births, weak calf syndrome, and miscellaneous causes before docking. 
Sheep deaths from natural causes accounted for 12.5 percent of field 
mortality with pneumonia-related deaths responsible for 42.4 percent 
of the natural field deaths. For adult ewes, the next most important 
causes of death were bloat (11.1%) and old age complications (8.3%). 
The gastro-intestinal tracts of six lambs were taken to the University 
of Montana and examined for parasites. Five of six parasite exams 
were negative, the remaining exam revealed one nematode egg in a 
fecal smear. 
I kept records of 21 sick and limping sheep in the event they 
were later found dead. Three of 21 handicapped sheep were killed by 
predators within 2 weeks after their handicaps were noted. Many 
sheep were wounded but these individuals were rarely reselected by 
predators. Previous attempts by Ranch personnel to rehabilitate 
wounded animals had failed and 35 severely wounded sheep were destroyed. 
We recorded 60 sightings of coyotes on the Ranch throughout the 
study period and the early sightings were of several different indi­
viduals. Distinctive kills during scattered periods suggested that 
particular coyotes were responsible for prédation during those periods. 
Although we recorded only one complete account of the entire coyote 
prédation procedure, we recorded several observations of coyotes 
chasing sheep and feeding on live sheep and carcasses. These 
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observations helped to refine criteria used to identify feeding and 
kills by coyotes. Six sheep were killed and many wounded by two Irish 
wolfhounds; the owners paid for partial damages and disposed of the 
dogs. During the control period, nine coyotes were taken by traps and 
shooting, and the number of new kills was not appreciably affected. 
Secondary losses such as premature weaning, lower average weight 
from being chased, and food lost through trampling can only be specu­
lated upon. Losses of lambs by prédation or premature weaning may 
cause the udders of their ewes to swell and spoil. Occasionally, such 
ewes die; more often they lack milk the following lambing season. 
Lambs weaned prematurely may become runts and decrease the value of 
the flock when a lamb buyer makes an offer. One secondary loss I 
recorded was the 28 fetuses inside adult ewes killed by predators. 
Mr. Cook's flocks suffered higher losses to prédation than 
those reported for the average sheep operation in the western United 
States. This study was an initial step toward clarifying the depre­
dation issue and further research is necessary. Subsequent studies 
should attempt to determine if the Eight Mile Ranch is an exception, 
or whether a reduction in control efforts throughout the West would 
result in such losses. 
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